INTRODUCTION
An effective response to the use of biological organisms as agents of terrorism or warfare, or to the emergence of new infectious diseases requires a multi-disciplinary effort involving various agencies at the local, state and federal levels including public health officials, hospital personnel, epidemiologists and the military. In addition to the public health response, a concerted research effort is necessary to better detect, understand and respond to these threats. Such research requires development of environmental detectors and clinical diagnostic aids to provide us with rapid warning in the event of an outbreak as well as development of vaccines to prevent infection and antiviral or antibacterial drugs to cure infection. These efforts require a comprehensive biological understanding of potential threat agents, including their molecular biology, genetics, pathogenicity, epidemiology and evolution. The National Institute of Allergy and Infectious Diseases as well as the US Centers for Disease Control and Prevention maintain a list of priority pathogens that are considered potential biothreat agents and/or are microbes that appear to be new or reemerging pathogens (http://www.bt.cdc.gov/agent/agentlistcategory.asp and http://www.niaid.nih.gov/biodefense/bandc_ priority.htm). Variola virus, the causative agent of smallpox and a member of the Poxviridae family of viruses, has perhaps the greatest potential for use as a bio-weapon and is one of the Category A pathogens on these priority pathogen lists (1) . In addition, monkeypox virus, a member of the orthopoxvirus genus that includes variola virus, has caused a number of disease outbreaks in recent years, including outbreaks in North America resulting from the importation of rodents from Africa intended to be sold as pets (2, 3) .
The use of high-throughput DNA sequencing techniques as well as other large-scale 'Systems Biology' technologies have led to an unprecedented increase in the amount of available data. Therefore, one overarching necessity in research efforts directed at providing a better understanding of priority pathogens is the need to collect, manage, describe, analyze and publicize the vast amounts of information generated by modern, high-throughput biological research. Therefore, the goal of the Poxvirus Bioinformatics Resource Center (PBRC) is to organize all available information on virus genetics thus aiding research efforts towards increasing our knowledge of virus replication and virus-host interaction on a gene-by-gene and whole genome basis. In addition, the PBRC is expanding on available knowledge by developing and utilizing analysis tools that can further probe the information contained in the genome and gene sequences of these organisms. Since our goal is to establish an information resource to support research efforts by the scientific community, we are also soliciting input from that community to ensure the completeness and, above all, the accuracy of the information being provided and to ensure that the software tools provided and in development reflect the needs of the different research groups using these resources.
WHAT IS THE POXVIRUS BIOINFORMATICS RESOURCE CENTER?
The PBRC represents a cooperative endeavor with collaborations between the University of Alabama at Birmingham, the University of Victoria, the Medical College of Wisconsin, St Louis University and the American Type Culture Collection (ATCC). The PBRC consortium has established a database of all available completely sequenced poxvirus genomes. This database includes information on every predicted gene that may be coded for by these genomes, as well as descriptive annotations of the physical and functional properties of each gene based on computer predictions. Currently, only complete genomes are included in the database. In future releases we plan to include as available, incomplete genomes as well as coding sequences from virus strains not represented by complete genomic sequences. We are also compiling a comprehensive gene-by-gene curation that is linked to each individual gene record. In addition, the PBRC provides a variety of analytical information and analysis tools that can be used to mine the genomic data. These tools include sequence homology searches, a database of functional domains, a database of poxvirus gene orthologs and webbased visualization tools to allow for customized displays of much of this information. A major goal has been to develop new software packages for the analysis of viral genomes. This aspect of the project involves designing new software tools that permit researchers to interact with and manipulate complete poxvirus genomes and families of poxvirus protein orthologs. This vastly speeds up the analysis process and provides information about these viruses from comparative analyses that otherwise would be almost impossible to obtain. Some of these tools have been described previously in the literature and therefore more substantial descriptions are already available [Poxvirus Orthologous Clusters (4,5), Viral Genome Organizer (6), Viral Genome Database (7), JDotter (8) and Base-By-Base (9)].
DATABASE DESCRIPTION
The basic PBRC web portal accesses genomic, annotative and analytical information from a Microsoft SQL Server database. A companion MySQL database provides data to a number of java-based analytical tools. The database schema used for the PBRC originally was developed to accommodate bacterial genomes and their genes (protein and RNA) (10, 11) and needed only slight modification to support the storage of information on poxvirus genomes and genes (12) . The PBRC data schema provides tables to store sequences and basic sequence annotations, human-annotated curation records and tables for the storage of basic analytical information such as the results of BLAST searches, functional motifs and biophysical properties. The database supports all of the web-based query tools and also serves as the data source for all of our web-based analytical tools.
GENOME DATA ACQUISITION
Genomic data are obtained from GenBank (13), other publicly available databases and websites, as well as from ongoing sequencing projects. The current PBRC release consists of over 35 complete genomes from the Poxviridae family of viruses. If available from the GenBank record or from the sequencing laboratory, the predicted gene set of any one genome is stored in the PBRC database and used as the initial starting point for annotation and curation of each genome. If a predicted gene set is not available, we perform our own gene prediction using a combination of gene predictive tools that start with open reading frames, and then include among others, promoter prediction, presence of functional motifs and assignment to orthologous protein clusters. Our experience is that the methods used for the prediction of protein coding genes for each poxvirus genome present in GenBank has in many cases been derived using different parameters. Therefore, we are in the process of developing a more consistent method for the prediction of poxvirus genes and will utilize this gene prediction pipeline to reassess the gene set for each available genome.
Each virus genome is categorized according to its genus, species and strain designation as determined by the International Committee for the Taxonomy of Viruses (ICTV) (http:// www.ncbi.nlm.nih.gov/ICTVdb/) (14, 15) . In addition to providing the nomenclature available from the GenBank record for each gene in any one genome, we also provide our own gene designation which is a combination of the ICTVapproved species name, the strain or isolate name and a numerical designation for each gene that starts at number 1 for the left-most gene, and is incremented by one for each subsequent gene as determined by its genome position.
GENOME ANNOTATION AND CURATION
For each gene in the PBRC database, we provide an automated, computer-driven annotation that gathers as much basic descriptive information as possible about a gene, basic analysis of its nucleotide or amino acid sequence, and the results of sequence similarity searches to look for common patterns or features that might be characteristic of its function. The annotation process starts with the GenBank record and includes the descriptive information, literature references and any other information provided in that record. This information populates the initial descriptive fields of our database. Following this automated annotation process, a manual, human-directed curation of each gene record is undertaken. During this curation process, a researcher reviews the annotation record, all available literature references and any unpublished information as available. This collection of empirically derived properties for the protein in question provides what might be considered a mini-review of the biology of the gene being studied. The broad types of information that are provided during the curation process include protein properties such as molecular weight and pI; post-translational processing; the availability of custom reagents such as clones, antibodies and mutants; functional descriptions [including Gene Ontology designations (16)]; and literature summaries. Evidence codes are provided that explicitly state the nature and source of each piece of information along with the appropriate literature references. A series of web forms assist in this process that provides a distinct set of informational fields to be filled in, and enforces use of a controlled vocabulary to fully describe each gene. The results of the curation process are stored in our SQL Server database and form a Poxvirus Knowledge Database that is available and searchable from the PBRC website.
WEBSITE
The PBRC website is provided by a Microsoft Windows 2003 server running Microsoft Internet Information Services (IIS). The user interface is provided through a combination of Active Server Pages running server-side Visual Basic script, clientside JavaScript and HTML. SQL Server database access is provided through Microsoft ActiveX Data Objects.
The starting point for access to all databases and tools available from the PBRC is the PBRC home page at http://www.poxvirus.org/. A menu is displayed along the top of the page and appropriate clicking on a menu link brings up a submenu that provides access to individual web query tools and/or applications. The Data menu provides access to search forms that provide user-specified queries for genome, gene and sequence data (Figures 1 and 2) . Analytical tools are provided through another series of submenus and provide access to a series of analytical and visualization tools (Figure 3) . In addition to the main menu and context-sensitive submenu, a menu near the bottom of the page provides access to PBRC organizational information such as descriptions of the people and teams involved in the work, acknowledgements and a form to provide user feedback. At the very bottom of the form we provide a Google-supported search form.
In general, available web pages can be categorized as follows: applications that can be run from a web page using Java Web Start, or downloaded to a user's workstation and run as a stand-alone application.
ANALYTICAL TOOLS
BLAST similarity searches (17) are available that provide standard web-based BLAST output as well as a web-based version of our BLAST parsing and visualization application, XS-BLAST (XML-SQL BLAST). XS-BLAST utilizes the XML-output option of the NCBI BLAST executable, and parses the results storing them in our SQL Server database. The result set is then provided to the user as an HTML table, as well as from a Java-based graphical visualization tool (Figure 3 ). Both BLAST searches are run locally on a Sun Solaris server and provide several customized databases for searching. These include all complete genomic Poxviridae nucleic acid sequences, all predicted Poxviridae protein sequences and all available Poxviridae nucleotide sequences extracted from GenBank.
Comparative analysis of the coding potential of all Poxviridae genomes is available as both pairwise and multi-genome comparisons. Both tabular listings of orthologous protein sets are provided as well as a graphical gene synteny plot of shared orthologs between any two genomes ( Figure 3 ). Ortholog determination is based on an all versus all BLAST search of all poxvirus proteins in the PBRC database. 
AVAILABILITY
The PBRC is developed and maintained at the Department of Microbiology, University of Alabama at Birmingham and the Department of Biochemistry and Microbiology, University of Victoria. The PBRC is available at http://www.poxvirus.org.
The PBRC framework has also been used to support development of similar bioinformatics resources for other virus families. The Virus Bioinformatics Resource at http:// www.virology.ca contains databases and analytical tools to support research on coronaviruses, herpesviruses and baculoviruses.
FUTURE PLANS
In the near future, the PBRC will become part of a more comprehensive Viral Bioinformatics Resource Center for Biodefense (VBRC) that will include additional viruses listed as priority pathogens by the NIAID. In addition to expansion of the database and available analytical tools, the VBRC will make available more comprehensive help screens and tutorials that will provide users with step-by-step guides in how to use the site to answer typical questions that might be of interest to the laboratory researcher. The VBRC is being established as one of the NIAID's 'Bioinformatics Resource Centers for Biodefense and Emerging or Re-Emerging Infectious Diseases'. For more details on these centers, see http:// www.niaid.nih.gov/dmid/genomes/brc/default.htm. The VBRC is available at http://www.biovirus.org.
